MATERIALS AND METHODS

Materials.
Crude enzymes produced by I. lacteus were prepared from the cultured broth by the method described previously.21 The enzyme production was carried out by cultivating a strain of I. lacteus in a 30 liter jar Fermentor for 120 hr at 28°C.
Two sorts of media, R medium and SS medium, were used for the cultivation of the organism. R medium contains 6% of sucrose, 1% of NH4H2PO4, 0.5% of defatted rice bran, 0.1% of KH2PO4 and 0.054 of MgSO4.7H2O; on the other hand SS medium contains 3°0 of sucrose, 340 of distillers solubles, 0.5% of dried beer yeast, 0.50 of KH2PO4 and 0.0540 of M gSO4.7H2O. The pH value of both media was ad justed to 4.0. Two enzyme preparations, I and II, were obtained. The former is the crude enzyme pow der prepared from cultured broth of R medium, the latter is the one prepared from that of SS medium.
Hansen's rennet powder was commercially purchased.
Preparation of the enzyme. In the preliminary test, it was found that the enzyme preparation I of I. lacteus was adsorbed on Carboxymethyl cellulose (CMcellulose) and was eluted with 0.3 M NaC1 in 0.05 M acetate buffer (pH 4.0). The following method was performed for the partial purification of the enzyme.
Crude enzymes (20 g) was dissolved in deionized water and dialysed overnight at 0°C against 0.05 M acetate buffer (pH 4.0). The dialysed enzyme was then applied to a 2 x 70 cm column of CM-cellulose (150 ml), which was previously activated with 0.5 N HCl and washed with the same buffer, and the adsorbed enzyme was eluted with 0.3 M NaCl in the same buffer.
The effluent from the column was fractionated in 7 ml-portions by a fraction collector. The fractions containing the protein peak were pooled and the enzyme was precipitated by the addition of solid ammonium sulfate (600 g/liter). After stirring at 5°C overnight, the precipitate was collected by centrifugation and then dissolved in a small quantity of deionized water and dialysed again at 0°C over To 5 ml of 2°o solution of whole casein (pH 6.0), which was prepared from skim milk solution by an isoelectric precipitation method, 1 ml of the enzyme solution equivalent to 30 MCA was added and hydro lysed at 30°C. After 10, 30 and 60 min, the reaction was stopped by the addition of 4 ml of 0.2 M Iris buffer (pH 8.6). The hydrolysate thus obtained was applied to a polyacrylamide gel (pH 9.4) and electro phoresis was made for about 60 min at 3 mA per each gel column.
The patterns were made visible with naphthol blue black reagent to find out what degree of change oc cured among fractions of milk casein. RESULTS 1. A comparison of the difference between two enzyme preparations, I and II As previously reported,2) MCA/PU ratio of the enzyme preparation I was 0.61, whereas that of the enzyme preparation II was 0.22. What relation exists between these two en zymes?
The enzyme preparation I was dissolved in 0.05 M acetate buffer (pH 4.0) and applied to a column of DEAF-cellulose.
As shown in Fig. 1 obtained which contain a very low level of protein.
The amounts of the enzyme prepa ration II that showed the same milk clotting activity as the enzyme preparation I were similary applied to a DEAF-cellulose column (Fig. 2) . In this case, three major fractions, A, B and C were obtained.
The fraction A had high milk clotting activity similar to the fraction A of the enzyme preparation I, whereas the fractions B and C had very weak milk clotting activity but high proteolytic activity.
The value of MCA/PU ratio of each fraction was measured (Table I) . This result shows and showed a similar elution pattern, indicat ing that only one major component wa present and that the milk clotting activity coincided with that peak.
2. Partial purification of the enzyme preparation . As stated above, the enzyme preparation was adsorbed on CM-cellulose and easily eluted with 0.3M NaCl. A typical pattern of fractionation was illustrated in Fig. 5 that the enzyme was purified approximately 9-fold with about 22.8% recovery of the original activity and that the specific activity of the enzyme was 188.7 and MCA/PU ratio was 2.51. From now, it will be right to give this purified fraction the name of a milk clotting enzyme. The purified fraction thus obtained was fur ther fractionated with CM-Sephadex C-50 and a highly purified fraction was obtained. However, crystallization was unsuccessful in any procedures investigated.
Even at this stage it was recognized that this fraction was positive in the Molish reaction test and a green ring appeared. Consequently, it seems that Irpex enzyme is a sort of glycoprotein and contains at least glucuronic acid.
Physical properties
By gel filtration with Sephadex G-100, the molecular weight of the enzyme was determined to be 34,000. Since it has been reported that the molecular weight of the calf rennet is about 40,000$' and that of Mucor rennet and Fomitopsis enzyme is 30,00091 and 32,000,10) respectively, dimensions of these enzymes are closely resemble each other.
Determination of the isoelectric point was carried out by the electrofocusing method,"' using carrier amphorite (pH 3 to 6). As shown in Fig. 6 , one major component has an isoelec tric point at around pH 5.2, on the contrary there is another minor component with an isoelectric point of pH 5.0, which is quite re semble to the value of the major one. These two values are slightly higher than that of other rennet preparations such as the calf rennet (pH 4.6-4.7),81 Mucor rennet (pH 3.5---3.8)97 and Fomitopsis enzyme (pH 4.04).10) The ultraviolet absorption spectrum of the enzyme showed a maximal absorption peak at 277 mis, which is common for most protein (Fig. 7) . 
Enzymological properties
Effects of pH on the enzyme activity. The enzyme is a sort of acid protease and has the maximum activity against casein at pH 2.5 and against hemoglobin at pH 4.0 (Fig. 8) range of 3.0 to 5.0 for 22 hr at 30°C (Fig. 9 ). There are no differences between the milk clotting activity and the proteolytic activity.
To determine the proteolytic activity of the As shown in Fig. 12 , it was observed that some components of milk casein were markedly decomposed or denatured by the treatment of Irpex enzyme, whereas there was only slight decomposition of the components of casein after the hydrolysis by the calf rennet for 60 min at 30°C.
Effects of temperature on the enzyme activity. activity of the enzyme was high and found to be about 6265°C (Fig. 13 ). The enzyme solution was incubated at various temperature for 10 min and the re sidual activity was measured. The result shown in Fig. 14 indicated that no enzyme inactivation was found after the treatment at 45°C but almost complete loss of the enzyme activity was occurred at 65°C. A similar tendency of heat stability has been reported about the Mucor rennet and the calf rennet.9) Effects of pH of milk and Ca ion concentration in milk. Effects of pH of milk and Ca ion concentration in milk on the clotting activity were investigated.
Both the calf rennet and Irpex enzyme increased in activity along the decrease in pH. However, in the case of the calf rennet the tendency of the increase in the apparent activity along the decrease in pH was slightly greater than in the case of Irpex enzyme (Fig.  15) The apparent milk clotting activity of the enzyme was increased by the addition of Ca ion, but the tendency of the increase in ac tivity was quite the same as that of the calf rennet (Fig. 16) As a result, the enzyme of I. lacteus seems to be the enzyme that is closely alike to the calf rennet in the apparent clotting activity. Further, Irpex enzyme has higher Km value than other common protease do. It probably means that the specificity of the enzyme for protein substrates is restricted.
Judging from reasons mentioned above, Irpex enzyme is assumed to be a promissing enzyme as a rennet substitute, though the proteolytic activity of the enzyme against casein is fairly stronger than that of the calf rennet.
From comparisons of the data between two enzyme preparations, I and II, it was sugested that I. lacteus produced at least three sorts of acid proteases into liquid media. Fractiona tion of these two enzyme preparations by DEAE-cellulose showed that every prepara tions were separated into three fractions A, B and C, and that the fraction A of both enzyme preparations I and II were consisted of the same proteolytic enzyme with high milk clotting activity. Fractions B and C of every preparations seemed to be consisted of a common protease.
It is of interest that I. lacteus can mainly produce only one type of protease, the fraction A, when cultured in R media.
